Cumulative feed conversion was improved when the HHHH feeding regimen was fed, whereas other final live performance measurements were not affected. Decreasing amino acid density (HHLL and HHHL) limited yields of breast fillets, tenders, and total white meat when compared with the HHHH regimen. As amino acid density decreased from HHHH to HHHM, HHMM, and HHML, carcass yield and breast meat yield were not affected. In general, providing the HHHH feeding regimen increased economic gross feeding margin compared with the other dietary treatments.
DESCRIPTION OF PROBLEM
Heavy broilers represent approximately 16% of the total broilers marketed in the United States [1] . Over the last decade, market weight of heavy broilers has been increasing and it is not uncommon for some complexes to market broilers of 1 Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the USDA. 2 Corresponding author: bdozier@msa-msstate.ars.usda.gov 3.7 kg or larger. The demand for breast fillets and value-added products has prompted primary breeding companies to develop high-yielding broilers destined to a market weight of >3.3 kg.
These newly developed broiler strains are characterized as late developing, and may have higher dietary nutrient needs as they approach Diet characterized as being formulated to high (H) amino acid density specifications. Calculated calcium, available phosphorus, and choline were 0.94%, 0.47%, and 1,700 ppm and 0.84%, 0.42%, and 1,600 ppm in the starter and grower diets, respectively. Actual CP concentrations were 22.0 and 20.6%, respectively, in the starter and grower diets. 2 Vitamin and mineral premix include per kilogram of diet: vitamin A (vitamin A acetate) 7,716 IU; cholecalciferol 2,205 IU; vitamin E (source unspecified) 9.9 mg; menadione, 0.9 mg; B 12 , 0.01 mg; folic acid, 0.6 g: choline, 379 mg; D-pantothenic acid, 8.8 mg; riboflavin, 5.0 mg; niacin, 33 mg; thiamin, 1.0 mg; D-biotin, 0.06 mg; pyridoxine, 0.9 mg; ethoxyquin, 28 mg; manganese, 55 mg; zinc, 50 mg; iron, 28 mg; copper, 4 mg; iodine, 0.5 mg; selenium, 0.1 mg. 3 Coban 60, Elanco Products, Inc., Indianapolis, IN.
market weight than multipurpose strains. As a result, primary breeding companies advocate high nutrient density diets in their production guides for these newly developed strains [2] , but recommendations are only provided for a maximum bird weight of 3.0 kg. Because approximately 70% of the total feed usage occurs after 5 wk of age with broilers marketed at 3.7 to 4.0 kg, broiler integrators tend to feed diets formulated to lower amino acid specifications as a means to reduce live production cost. When assessing profitability, feed cost should be expressed per unit of meat produced and not solely on live production cost. Defining amino acid needs is economically important late in production to ensure that amino acids are not fed in excess, but not meeting dietary amino acid needs can impair meat yield. Providing diets formulated to high amino acid density has been shown to optimize subsequent growth and meat yield responses [3, 4, 5, 6] . Formulating diets containing a relatively high amount of CP and amino acids to the young chick enhances nitrogen reserves for subsequent development [7] . The response to increasing dietary amino acid density early in development may relate to an increase in insulin-like growth factor-I concentrations [8, 9] , which in turn, increases protein synthesis [10] leading to larger muscle fiber diameter [11] . Skinner et al. [12] reported that decreasing dietary amino acid density from 100 to 70% of amino acid recommendations [13] from d 44 to 49 did not influence growth rate, feed conversion, or carcass yield. However, Skinner et al. [12] used a lower yielding broiler compared with genetic strains currently available.
Modern broiler strains selected for breast meat yield respond to diets formulated to a high amino acid density throughout production [6, 14, 15] . Breast meat may be increased by 1.5 to 2.0 percentage points when feeding high amino acid density diets throughout grow-out. However, carryover effects of dietary amino acid density may occur from the starter and grower periods to the withdrawal (WD) periods. Therefore, feeding high amino acid density diets from 5 to 8 wk may not be warranted. Information is lacking on feeding the Ross × Ross 708 [16] broiler high amino acid density diets early in life and decreasing dietary amino acid density beyond 5 wk of age on growth performance and meat yield. This study examined growth performance, meat yield, and economics of Ross × Ross 708 broilers provided 6 dietary treatments from 36 to 59 d.
MATERIALS AND METHODS

Bird Husbandry
Two identical trials were conducted. In each trial, 1,560 1-d-old Ross × Ross 708 [16] broiler chicks were purchased from a commercial hatchery and randomly distributed into 30 floor pens (26 males and 26 females; 0.07 m 2 /bird) of a [18] .
Dietary Treatments
Common diets were provided from 1 to 35 d of age ( Mean values within a column with no common letters are significantly different (P < 0.05) as a result of a least significance difference comparison. Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, and 19.8% CP, 0.83% TSAA, and 1.05% lysine, in the starter, grower, and withdrawal (WD1) periods, respectively. 5 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, and 18.2% CP, 0.80% TSAA, and 0.95% lysine, in the starter, grower, and WD1 periods, respectively. 6 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, and 16.7% CP, 0.75% TSAA, and 0.85% lysine, in the starter, grower, and WD1 periods, respectively.
were formulated to H, moderate (M), and low (L) amino acid densities that would be used in commercial practice [6] ( Table 2 ). The 6 feeding treatments throughout the 59-d production period were: HHLL, HHML, HHMM, HHHH, HHHM, and HHHL. The HHML treatment, for example, was H amino acid density for starter and grower periods (HH), M amino acid density for WD1, and L amino acid density for WD2.
The 
Measurements
Birds and feed were weighed by pen at 1, 17, 35, 47, and 59 d of age. Feed consumption was divided by BW on a bird basis to calculate feed conversion ratio. The incidence of mortality was recorded daily. At 60 d of age, 12 birds per pen (6 males and 6 females) were randomly selected for processing and placed in transportation coops. Feed was removed from each pen 12 h before processing. Birds were electrically stunned, bled with a knife by severing the jugular vein, scalded, defeathered, and manually eviscerated. Carcasses and abdominal fat were weighed and carcasses were chilled in ice for 24 h. Front halves were deboned. Boneless, skinless breast fillets and tenders (pectoralis major and pectoralis minor muscles) were weighed. Carcass, breast fillets, breast tenders, abdominal fat, and total white meat (breast fillets + breast tenders) yields were calculated relative to final BW.
Economics
Sensitivity analysis was performed to determine gross feeding margin on a carcass and total white meat basis. The sensitivity analysis includes a wide range of diet cost and meat prices that allow the determination of an optimum dietary treatment of a given scenario based on diet cost and meat prices. Twenty-four scenarios were developed to estimate gross feeding margin per bird based on diet cost and meat Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 19.8% CP, 0.83% TSAA, and 1.05% lysine, and 18.0% CP, 0.78% TSAA, and 1.00% lysine in the starter, grower, WD1, and WD2 periods, respectively. 5 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 19.8% CP, 0.83% TSAA, and 1.05% lysine, and 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1, and WD2 periods, respectively. 6 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 19.8% CP, 0.83% TSAA, and 1.05% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1, and WD2 periods, respectively. 7 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 18.2% CP, 0.80% TSAA, and 0.95% lysine, 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1, and WD2 periods, respectively. 8 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 18.2% CP, 0.80% TSAA, and 0.95% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1, and WD2 periods, respectively. 9 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 16.7% CP, 0.75% TSAA, and 0.85% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1, and WD2 periods, respectively. prices. Base diet cost was estimated on southeastern United States ingredient prices as of March 2005. Diet cost among the treatments for the ingredient prices as of March 2005 was considered the base price (100%) and was decreased to 80% of the base price and increased to 120% of the base price to reflect market fluctuations occurring during a 12-mo period. Base meat prices were $1.32/kg, $3.32/kg, and $3.97/ kg to represent carcass, breast fillet, and breast tender prices, respectively. Meat prices varied from 70 to 130% of base prices for carcass, breast fillets, and breast tenders. Gross feeding margin per bird was calculated as output (meat price × meat weight) minus input (feed cost = diet cost × feed consumption) [20] .
Statistics
Data were statistically evaluated by the GLM [21] in a randomized complete block design. Pen was considered the experimental unit. Each treatment was represented by 10 replicate pens (5 replicate pens/trial). Five orthogonal contrasts were used to separate treatment means. In addition, least significant difference comparison was used to separate treatment means. Statistical significance was considered at P ≤ 0.05. Mean values within a column with no common letters are significantly different (P < 0.05) as a result of a least significance difference comparison. 1 Values represent least squares means of 10 replicate pens with each representing 12 carcasses (6 males and 6 females). 2 Carcasses without necks and giblets after 24 h static chilling. 3 Yield is relative to BW. 4 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 19.8% CP, 0.83% TSAA, and 1.05% lysine, and 18.0% CP, 0.78% TSAA, and 1.00% lysine in the starter, grower, WD1, and WD2 periods, respectively. 5 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 19.8% CP, 0.83% TSAA, and 1.05% lysine, and 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1, and WD2 periods, respectively. 6 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 19.8% CP, 0.83% TSAA, and 1.05% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1, and WD2 periods, respectively. 7 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 18.2% CP, 0.80% TSAA, and 0.95% lysine, 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1, and WD2 periods, respectively. 8 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 18.2% CP, 0.80% TSAA, and 0.95% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1, and WD2 periods, respectively. 9 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 16.7% CP, 0.75% TSAA, and 0.85% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1, and WD2 periods, respectively.
RESULTS AND DISCUSSION
Analysis of the experimental diets determined that the actual composition of CP was lower than the calculated values (Tables 1 and  2 ). Data were pooled from the 2 trials because trial × treatment interactions were not different (P ≥ 0.80) for the variables measured. The 2 trials were conducted from January to March 2005 and ambient temperature in the experimental facility was favorable throughout the 59-d production period [22] . The grand means for BW and feed conversion were 550 g and 1.31 (1 to 17 d) and 2,004 g and 1.58 (1 to 35 d) , respectively, indicating that the birds had favorable growth and feed conversion before initiation of the experimental periods.
Decreasing dietary amino acid density during 36 to 47 d (WD1) from HHH to HHM did not alter growth performance (Table 3) . However, reducing dietary amino acid density from HHH and HHM to HHL limited growth rate and adversely affected feed conversion. Dietary amino acid density did not influence the incidence of mortality. Feeding the HHHH regimen through WD2 improved cumulative feed conversion over birds provided HHHM, HHHL, HHMM, HHML, and HHLL regimens (Table 4 ). Dietary Mean values within a column with no common letters are significantly different (P < 0.05) as a result of a least significance difference comparison. 1 Values represent least squares means of 10 replicate pens with each representing 12 carcasses (6 males and 6 females). 2 Yield is relative to BW. 3 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 19.8% CP, 0.83% TSAA, and 1.05% lysine, and 18.0% CP, 0.78% TSAA, and 1.00% lysine in the starter, grower, WD1, and WD2 periods, respectively. 4 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 19.8% CP, 0.83% TSAA, and 1.05% lysine, and 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1, and WD2 periods, respectively. 5 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 19.8% CP, 0.83% TSAA, and 1.05% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1, and WD2 periods, respectively. 6 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 18.2% CP, 0.80% TSAA, and 0.95% lysine, 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1, and WD2 periods, respectively. 7 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 18.2% CP, 0.80% TSAA, and 0.95% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1, and WD2 periods, respectively. 8 Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine, 16.7% CP, 0.75% TSAA, and 0.85% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1, and WD2 periods, respectively. treatments did not affect 59-d BW, BW gain, feed consumption, or the occurrence of mortality.
In the current study, cumulative feed conversion was increased by 2, 3, 4, 4, and 7 points, respectively, as dietary amino acid density was decreased from HH to HM, HH to MM, HH to HL, HH to ML, and HH to LL from 36 to 59 d of age, but BW gain was unaffected. In agreement, previous research also found no differences in BW gain from 6 to 8 wk of age in broilers provided diets formulated to moderate or high nutrient density [14, 15] . However, feeding an H amino acid density diet to Ross × Ross 708
[16] did improve feed conversion by 4 points from 45 to 55 d of age compared with birds fed feeds formulated to an M amino acid density [15] . The BW gain response to amino acid density appears to be more acute from 5 to 7 wk of age than from 6 to 8 wk. Kidd et al. [6] fed diets varying in amino acid density to Ross × Ross 508 broilers [16] during a 49-d production period. Growth rate for broilers consuming diets formulated to an amino acid density of H, M, and L from 36 to 49 d of age was 1,000, 879, and 822 g, respectively.
Feeding diets differing in amino acid density from 36 to 59 d of age did not alter the weight or Table 7 . Sensitivity analysis ($/bird) based upon total feed cost and meat yield of male and female broilers provided diets varying in amino acid density from 36 to 59 d of age yield of the whole carcass (Table 5) . Decreasing amino acid density from HHHH and HHHM to HHML and HHLL increased the absolute and relative yield of abdominal fat. In contrast, Kidd et al. [15] reported no differences in abdominal fat in broilers fed HH or MM diets from 36 to 55 d. Other research found less abdominal fat with increasing amino acid density from 1 to 56 d of age [14] . Broilers provided HHHH diets had greater breast fillet and total breast meat yield compared with birds fed the HHLL regimen (Table 6 ). However, broilers given the HHHM, HHMM, and HHML regimens produced similar total breast meat yield compared with birds provided the HHHH feeding program. In agreement, decreasing dietary amino acid density from HH to MM or ML from 36 to 55 d did not affect breast meat yield [15] . The lysine content in the M diets from 36 to 45 and 46 to 55 d reported by Kidd et al. [15] was similar to H diets fed from 36 to 47 and 48 to 59 d in the current study. Thus, the M diets provided from 36 to 55 d in the study by Kidd et al. [15] may have met the dietary amino acid needs of the bird and the amino acids supplied by the H diets could have been too high. Corzo et al. [14] found a 2.6% proportional increase in breast meat yield (19.8 vs. 19.3%) with increasing dietary amino acid density from 1 to 56 d. However, the 2.5% increase in breast meat yield may have occurred due to carryover effects of increasing amino acid density during the first few weeks of the grow out.
Sensitivity analysis of gross feeding margin per bird indicated that changing meat and feed prices affected the economic value of differences in response to the dietary treatments (Table 7) . At base levels of diet cost and breast meat prices, feeding the HHHH diets increased gross feeding margin by $0.015, $0.047, $0.007, $0.011, and $0.043/bird, respectively, compared with the
CONCLUSIONS AND APPLICATIONS
1. Increasing dietary amino acid density from 36 to 59 d improved cumulative feed conversion, but did not alter final growth rate, feed consumption, and the incidence of mortality. 2. Feeding the HHHH regimen increased breast fillet yield, breast tender yield, and total breast meat yield compared with broilers provided the HHLL regimen. Decreasing dietary amino acid density to HHHM, HHMM, and HHML did not significantly affect the yield of saleable white meat.
HHHM, HHHL, HHMM, HHML, and HHLL regimens. These differences increase as breast meat price increases. For example, with breast meat prices at 130% of the base price, feeding the HHHH regimen increased gross feeding margin by $0.016, $0.068, $0.014, $0.024, and $0.066/bird compared with the HHHM, HHHL, HHMM, HHML, and HHLL feeding programs, respectively (with diet cost remaining at 100% of the base price). Conversely, decreasing breast meat prices reduced the economic differences between treatments. By decreasing breast meat prices to 80% of the base price, the return of gross feeding margins was increased by $0.015, $0.034, $0.005, $0.004, and $0.029/bird when the HHHH program was given over the HHHM, HHHL, HHMM, HHML, and HHLL regimens, respectively (again, with diet cost at 100% of the base price). Feeding the HHHH regimen with diet cost and breast meat prices at 100% of the base cost would generate an additional $7,000 and $11,000/wk for a complex processing 1 million broilers compared with the HHMM and HHML feeding programs, respectively. Evaluating the dietary treatments using breast meat prices at 100% and increasing diet cost to 120% revealed that feeding the HHHH regimen increased profits by $0.018, $0.043, $0.006, $0.006, $0.037/bird, respectively, compared with the HHHM, HHHL, HHMM, HHML, and HHLL feeding regimens. When diet cost was 80% and breast meat prices were at 100% of the base prices, broilers fed the HHHH had an increase of gross feeding margin per bird of $0.012, $0.051, $0.009, $0.017, and $0.049, respectively, compared with broilers given the HHHM, HHHL, HHMM, HHML, and HHLL feeding treatments. As diet cost increased to 120% of the base price with breast prices held at 100% of base price, decreasing amino acid density from HHHH to HHMM only reduced gross feeding margin by $0.006/bird.
